Introduction
Bacteria are known to produce a range of volatile organic compounds (VOCs). VOCs are thought to evolve as products or by-products of metabolic pathways; for example, the generation of hydrocarbons, aliphatic alcohols and ketones from fatty acid biosynthesis, whereas indole evolves from the breakdown of the amino acid tryptophan (1) . Many VOCs are detected by the human nose and can account for the characteristic odors of certain bacteria. Indole is responsible for the putrid odor associated with Escherichia coli (2) , and the detection of indole as a VOC evolved from E. coli has been well documented (3 -5) . The ability to rapidly identify bacteria has major implications in terms of the treatment of infections in a clinical setting. Current methods employed to identify pathogenic bacteria often include a succession of biochemical tests. These tests can take 24 -48 h of laboratory work for the identity of the bacterial species to be determined (6) . The identification of bacterial VOCs can enable VOC evolution to be employed as a tool for the diagnosis of disease, with specific VOCs acting as markers for the presence or absence of pathogenic bacteria. It has been suggested (7) that the long-chain alcohols 1-octanol, 1-decanol and 1-dodecanol may act as markers for Gram-negative enteric bacteria, whereas hydrogen cyanide evolution may be indicative of Pseudomonas aeruginosa infection (8) . The detection of bacterial VOCs via an analytical method may allow the identification of pathogenic bacteria in a shorter timescale than traditional methods currently allow.
The extraction of bacterial VOCs by headspace (HS) sampling has been performed over both solid and liquid media. The range of culture media employed in VOC analysis is wide and varied. The dependence of metabolite profiles on cultivation conditions has long been known (9) (10) . Because VOC evolution is connected to bacterial metabolism, and because different culture media vary in their constitution and energy sources, it is not surprising that many bacterial VOCs have been identified. In some cases, VOC profiles for the same species of bacteria have differed hugely between studies. The differences in culture medium may account for these dissimilarities in VOC profiles. This finding has already been documented (11) ; these authors found that VOC profiles for Pantoea agglomerans varied when cultured in biochemically different broths, and particularly demonstrated an increased production of ammonia when uric acid was the primary nitrogen source available. In addition to culture medium type, the VOC extraction method also resulted in discrepancies in VOC profiles. Although solid-phase microextraction (SPME) is an effective method for extracting and concentrating bacterial VOCs, the fiber chosen for extraction may have a marked effect on the detected VOC profile. SPME fibers are available with a variety of coatings and show a degree of selectivity between them. This was emphasized by analyzing bacterial VOCs by using two different SPME fiber types; specifically, carbowax-divinylbenzene and carboxen -polydimethylsiloxane (PDMS) (12) . Detected VOC profiles for the two fiber types varied, with few identified VOCs extracted by both fibers. In addition to SPME, dynamic HS techniques have been employed to extract bacterial VOCs (13 -15) . In one such study (13) , K. pneumoniae liberated 2-methyl-1-propanol, 3-methyl-1-butanol and 3-methyl butyl acetate and Staphylococcus aureus produced 2-methyl-1-propanol, 3-methyl-1-butanol and acetoin. Here, the HS was continually flushed with nitrogen and VOCs were collected on a Tenax trap. All VOCs were desorbed and transferred to the column for GC analysis; hence, dynamic HS techniques do not exhibit the selectivity associated SPME methods due to selection of fiber type.
Table I summarizes research that investigated the VOC profiles of E. coli, K. pneumoniae and S. aureus by using SPME-gas chromatography (GC). A range of VOCs were determined from the bacteria with respect to the type of broth used. However, no single study has determined the influence of a range of broth types on VOC evolution. In this paper, the effect on VOC evolution was evaluated with respect to three bacteria and growth media by using SPME technology. If bacterial VOC profiles are to be used as clinical tools in the diagnosis and monitoring of disease states, specific markers for bacterial species will be required. Because differences in bacterial VOC profiles can be attributed to the type of culture medium and VOC collection method, and in the case of SPME, choice of SPME fiber type, it is important to establish the effects of these variables on VOC profiles. The aim of this study is to investigate the effect of culture medium and VOC collection method on bacterial VOC profiles. HS-SPME coupled with GC -mass spectrometry (MS) is the analytical method employed to determine this; therefore, the choice of SPME fiber is also explored. In addition, the type of GC column is also considered. Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus were the bacteria selected for this study because they are common human pathogenic bacteria and the identification of these species by alternative methods has been the subject of recent research (22) . Multivariate statistics are applied to VOC data to determine the variation in VOC profiles and to ascertain the impact of these variables on detected bacterial VOC profiles.
Experimental
Instrumentation and reagents Standards of 3-methyl butanal (97%), ethyl 2-methylbutanoate (99%), butyl acetate (99.5%), 3-methyl butyl acetate (98%), 3-methyl-1-butanol (98%), butyl 2-methyl butanoate (. 98%), 1-octanol (98%), decyl acetate (! 95%), 1-decanol (99%), 9-decen-1-ol (97%), 1-dodecanol (98%), 1-tetradecanol (97%) and indole (! 99%), in addition to a volatile fatty acid mix (including butanoic acid and 3-methyl butanoic acid), were purchased from Sigma-Aldrich (Dorset, UK).
Brain heart infusion (BHI) broth (CM1135) was obtained from Oxoid (Basingstoke, UK). The broth is composed of BHI solids (12.5 g), beef heart infusion solids (5.0 g) and proteose peptone (10.0 g) as the sources of nitrogen, vitamin and carbon. In addition, glucose (2.0 g) is added as the carbohydrate (energy) source. Tryptone soya (TS) broth (CM0129) was also obtained from Oxoid. This broth is composed of pancreatic digest of casein (17.0 g) and enzymatic digest of soya bean (3.0 g) as the sources of nitrogen, vitamin and carbon. In addition, glucose (2.5 g) is added as the carbohydrate (energy) source. Difco enteric fermentation base (EF) broth (218281) was purchased from Becton Dickinson (Franklin Lakes, NJ). This broth is composed of beef extract (3.0 g) and peptone (10.0 g) as the sources of nitrogen, vitamin and carbon. In addition, glucose (10.0 g) is added as the carbohydrate (energy) source. The EF broth is used as an indicator of fermentation reactions, which accounts for the high glucose concentration. SPME fibers evaluated for extracting bacterial VOCs were 100 mm PDMS, 85 mm polyacrylate (PA) and 50/30 mm divinylbenzene (DVB) -carboxen (CAR) -PDMS (Supelco, Bellefonte, PA). All fibers were conditioned in the GC injection port before use, as directed by manufacturers' guidelines. All fibers were used with a manual holder. GC-MS analysis, using electron impact ionization, was performed on either a Thermo Finnigan Trace GC ultra with a Polaris Q ion trap mass spectrometer fitted with a polar GC column or a Trace GC with DSQ quadrupole mass spectrometer fitted with a nonpolar GC column; both GC -MS systems were operated with Xcalibur software. A VF-WAXms 30 m Â 0.25 mm Â 0.25 mm (Varian) was used as the polar column. Separation was achieved by using the following temperature program: initial 508C with a 2 min hold, ramped to 2208C at 108C/min and held for 2 min. The split-splitless injection port was held at 2308C for the desorption of volatiles in split mode at a split ratio of 1:10. Helium was used as the carrier gas at a constant flow rate of 1.0 mL/min. MS parameters were as follows: full-scan mode with scan range of 50 -650 amu at a rate of 0.58 scan/s. The ion source temperature was 2508C with an ionizing energy of 70 eV and a mass transfer line temperature of 2508C.
An HP-5MS 30 m Â 0.25 mm Â 0.25 mm (Hewlett Packard) was used as the non-polar column. The separation of VOCs was achieved by using the following temperature program: initial 508C with a 2 min hold, ramped to 2208C at 88C/min and held for 2 min. The split-splitless injection port was held at 2508C in split mode at a split ratio of 1:10. Helium was used as the carrier gas at a constant flow rate of 1.0 mL/min. MS parameters were as follows: full scan mode with scan range of 50-650 amu at a rate of 0.817 scan/s. The ion source temperature was 2508C with an ionizing energy of 70 eV and a mass transfer line temperature of 3008C.
The identification of VOCs was achieved by using the National Institute of Standards and Technology (NIST) reference library and the comparison of the retention times (t R ) and mass spectra of authentic standards. In addition, an in-house dedicated mass spectral library was built by using the mass spectra of authentic compounds to confirm the identities of detected VOCs.
Growth of bacteria and sample preparation Bacterial species used for volatile analysis were obtained from the National Collection of Type Cultures (NCTC) in Colindale, UK, and prepared by the Microbiology Department, at Freeman Hospital (Newcastle upon Tyne). The following bacteria were studied: E. coli, NCTC 10418; Klebsiella pneumoniae, NCTC 9528; and Staphylococcus aureus, NCTC 6571.
Bacteria were cultured overnight at 378C on Columbia blood agar (CMO331; Oxoid) with 5% of defibrinated horse blood before the preparation of samples for HS analysis. After overnight incubation at 378C, bacteria were inoculated in 10 mL of sterile broth and incubated at 378C. The broth type was BHI, TS or EF. All were made according to manufacturers' guidelines. Sterilization was achieved by autoclaving at 1268C for 11 min. Samples were prepared for analysis by measuring the absorbance of the incubated bacterial culture at OD 600nm . At a reading of 0.132 (equivalent to 0.5 McFarland units), an aliquot of 100 mL of bacterial culture (i.e., 1.5 Â 10 7 organisms) was added to a 20 mL clear vial with a PTFE septum and a screw cap containing 10 mL of sterile broth. Inoculated broths were incubated without shaking for 18 hours at 378C and subjected to volatile profiling via HS-SPME-GC-MS. The preparation of all bacterial samples followed this procedure. After analysis, all samples were sub-cultured on blood agar overnight to confirm the purity of the culture. In addition, a blank sterile broth was also sampled via the HS-SPME method after incubation at 378C for 18 h.
HS-SPME procedure Bacterial VOCs were extracted from the HS of inoculated and uninoculated broths and concentrated via SPME before desorption in the GC injection port. All samples and blanks were held at 378C in a water bath for 30 min before VOC extraction and kept at this temperature throughout sampling. A fused silica SPME fiber with appropriate coating pierced the PTFE septum and was exposed in the HS of the vial for 10 min. Immediately after VOC extraction, the SPME fiber was exposed in the hot GC injection port for 2 min for the desorption of bacterial VOCs. All three bacteria were inoculated in the three broth types and sampled with each of the 3 fibers on the polar and non-polar GC columns. All experiments were conducted in triplicate.
Calibration graphs for all VOCs were prepared by spiking standards of known concentration into blank culture media, followed by incubation at 378C and subsequent extraction of VOCs. The HS-SPME procedure and GC-MS parameters were consistent with those used for bacterial VOC analysis. VOCs were quantified by using external calibration (23) and the values for the limit of detection (LOD) and limit of quantitation (LOQ) were determined as the peak area 3Â the signal-to-noise ratio and 10Â the signal-to-noise ratio, respectively.
Statistical analysis was performed by using SPSS 16.0. Calculations were performed by using each VOC concentration (mg/mL). All background (including culture medium) was subtracted from chromatograms before examination.
Because the results were obtained on one single strain for each of the three species, they may not be representative of the results of other strains of the same species. However, to simplify the presentation of the results, the strains are named only by reference to their species.
Results
The quantitation of each VOC was assessed by using both the polar and non-polar GC column arrangements. The approach adopted for quantitative SPME analysis was based on external calibration (23) . The results for both the polar and non-polar GC column arrangement are shown in Supplementary Table IA and IB, respectively. In practice, 15 and 12 VOCs were able to be identified using the polar and non-polar GC columns, respectively ( Figure 1 ). The polar GC column was additionally able to separate butanoic acid, 3-methyl-butanoic acid and 9-decen-1-ol. The variation and similarity in sensitivities between the two experimental arrangements is clear (Supplementary Table IA and  IB) . For example, 1-octanol can be detected at 15Â the sensitivity by using the polar system, whereas butyl acetate was 15Â more sensitive on the non-polar system. The results are shown in Table II .
To demonstrate the relationship between VOC profile and broth type, the data were subject to cluster analysis allowing dendrograms to be constructed ( Figure 2 ). All three broth types were selected with the different fiber types treated separately. Each repeat was treated as a separate sample (n ¼ 3 for all variables). Concentrations for all VOCs were used and groupings were made from similarities between VOC profiles by using Ward's method and squared Euclidean distance for measuring intervals. The resulting dendrograms (Figures 2A -C) highlight the differences in VOCs generated due to culture medium.
Identification of Volatile Organic Compounds Produced by Bacteria Using HS-SPME-GC-MS 365 Figure 1 . Chromatographic separation of VOCs. (i) using a polar (VF-WAXms) GC column*, and (ii) using a non-polar (HP-5ms) GC column#. * compound identification (retention time) concentration: 3-methyl butanal (2.7 mins) 800 mg/ml; ethyl-2-methylbutanoate (4.0 mins) 10 mg/ml; butyl acetate (4.2 mins) 10 mg/ml; 3-methyl butyl acetate (4.9 mins) 10 mg/ml; 3-methyl-1-butanol (6.1 mins) 20 mg/ml; butyl 2-methyl butanoate (6.4 mins) 10 mg/ml; 1-octanol (10.8 mins) 10 mg/ml; butanoic acid (11.7 mins) 1600 mg/ml; 3-methyl-butanoic acid (12.2 mins) 1600 mg/ml; decyl acetate (12.4 mins) 10 mg/ml; 1-decanol (13.2 mins) 10 mg/ml; 9-decen-1-ol (13.8 mins) 10 mg/ml; 1-dodecanol (15.4 mins) 10 mg/ml; 1-tetradecanol (17.4 mins) 10 mg/ml; and, indole (20.1 mins) 10 mg/ml. Chromatograms for 3-methyl butanal (A), 3-methyl-1-butanol (B) and butanoic acid (C) generated separately. # compound identification (retention time) concentration: 3-methyl butanal (2.4 mins) 100 mg/ml; 3-methyl-1-butanol(3.2 mins) 100 mg/ml; butyl acetate (4.4 mins) 0.5 mg/ml; ethyl-2-methyl butanoate (5.0 mins) 0.5 mg/ml; 3-methyl butyl acetate (5.6 mins) 0.5 mg/ml; butyl 2-methyl butanoate (8.9 mins) 0.5 mg/ml; 1-octanol (9.5 mins) 0.5 mg/ml; 1-decanol (13.3 mins) 0.5 mg/ml; indole (13.7 mins) 50 mg/ml; decyl acetate (15.6 mins) 0.5 mg/ml; 1-dodecanol (16.7 mins) 0.5 mg/ml; and, 1-tetradecanol (19.7 mins) 0.5 mg/ml. Chromatogram for 3-methyl butanal (A) generated separately. Fibre type is constant (PDMS), profiles for both DB-5 and wax column are included. Relationships generated by cluster analysis using Squared Euclidean distance and VOC concentration after 18 hours of growth at 37 8C]. Note: EF, 1 % glucose enteric fermentation base broth; BHI, brain heart infusion broth; TS, tryptone soya broth. PA, polyacrylate SPME fibre; PDMS, polydimethylsiloxane SPME fibre; 3 way, DVB/CAR/PDMS SPME fibre; DB-5, DB-5 non-polar GC column; wax, wax polar GC column.
Three different SPME fibers were evaluated; i.e., the non-polar PDMS, the polar PA and the medium polar DVB -CAR-PDMS. The PDMS and PA SPME fibers extracted similar VOC profiles for all bacteria in all culture media. The PA fiber was more efficient than the PDMS fiber in extracting 3-methyl-1-butanol and the fatty acids butanoic acid and 3-methyl butanoic acid. The DVB -CAR -PDMS fiber was more effective than both of the other fibers at adsorbing fatty acids, which has previously been reported (17) . In particular, this fiber was efficient at extracting low molecular weight compounds, which is a known property of this fiber type (24) . This was especially apparent with 3-methyl-1-butanol. This VOC was detected by all fibers in at least one sample throughout the experiments. The DVB -CAR-PDMS fiber extracted significantly more 3-methyl-1-butanol than both the PA and the PDMS fibers, and in most cases, it extracted at least 10 -12 times more. This proved to be the case on both GC column types. This fiber type often extracted a wider range of VOCs, particularly in the case of S. aureus. For example, on the polar GC column, when cultured in BHI broth, 3-methyl-1-butanol was the only VOC detected for S. aureus with the PA and PDMS fibers, yet the DVB -CAR-PDMS fiber extracted a total of four VOCs for S. aureus in the same culture medium.
An investigation into the influence of VOC profiles on GC column type was conducted (Tables II and III) . The detected profiles were more diverse with the polar column (Table IIIA-C) ; in addition, the more polar compounds, such as fatty acids, showed greater abundance on the polar column (Table III) . Similar findings have been also been reported (21) with a polar Stabilwax GC column (Table I) , and profiles generated for S. aureus consisted of polar compounds, including butanoic acid and 3-methyl butanoic acid. Cluster analysis by using mean VOC concentration (n ¼ 3) for all three bacteria and squared Euclidean distance as an interval measurement indicated that there was no clear statistical distinction between bacterial VOC profiles for the non-polar GC column and the polar GC column (data not shown).
The effect of culture medium, SPME fiber type and GC column on bacterial VOC profiles was determined by principal component analysis (PCA) by using mean VOC concentrations (n ¼ 3). All samples were treated as separate variables and each microbe was subjected to separate PCA. Figures 3A-C show loading plots of PCs 1 and 2 for E. coli, K. pneumoniae and S. aureus. For E. coli ( Figure 3A ), PC1 and PC2 account for 74.1% of the variation in VOC profiles in the whole data set for this species. PC1 and PC2 for K. pneumoniae ( Figure 3B ) and S. aureus ( Figure 3C ) account for 98.3 and 86.3 % of variation, respectively.
Discussion
VOCs detected for the Gram-positive species S. aureus were markedly different from those detected with the Gram-negative bacteria E. coli and K. pneumoniae. Both Gram-negative bacteria generated the long-chain alcohols 1-decanol and 1-dodecanol in all broth types and with all SPME fiber types, with the exception of 1-decanol with K. pneumoniae in the EF broth. These VOCs were never detected in the HS of S. aureus. S. aureus and K. pneumoniae evolved 3-methyl-1-butanol in all broth types and with all SPME fiber types, although in many cases, this compound was the only VOC detected with S. aureus, whereas K. pneumoniae exhibited a much more diverse VOC profile. The generation of limited VOC profiles by S. aureus has previously been reported (25) . The generation of long-chain alcohols by E. coli and K. pneumoniae, and 3-methyl-1-butanol evolution from S. aureus and K. pneumoniae, have all previously been reported (Table I) .
In addition, VOCs were detected in the HS of the blank broths. Compounds such as pyrazines have routinely been detected in blank broths and are thought to have been produced as a result of the autoclaving process (26) . Also, dimethyl disulfide and phenylacetaldehyde were detected in this work in the blank culture medium. Although they have been previously claimed to be generated by bacterial growth (3, 12, 18) , this was not established with the strains and media tested in this study. This highlights the importance of analyzing the blank controls as much as the bacterial samples. VOC profiles detected with BHI and TS broth were similar with all three bacteria and all SPME fiber types; the abundance of VOCs, in most cases, was comparable for these two broth types. In addition, VOC profiles for both E. coli and K. pneumoniae in TS broth were analogous to those recorded in the literature (Table I) , particularly on the polar GC column. BHI and TS broths are both highly nutritious undefined media that support the growth of a wide range of microorganisms. They both contain glucose (2.0 and 2.5 g/L, respectively) and both have complex amino acid/nitrogen sources, including beef heart and peptones (BHI) and tryptone and soya peptone (TS). However, the exact composition of the peptones and beef extracts is not known; thus, the amino acid profile in the broth is not standardized and may vary. Nonetheless, because the composition of the two media is similar, it is not surprising that the bacterial VOC profiles detected with the broth types are comparable. In contrast, the EF broth is composed of 13.0 g/L peptones and beef extract, whereas the BHI and TS broths have much higher concentrations of these types of ingredients (27.5 and 20 .0 g/L, respectively). Because the EF broth contains limited amino acid sources (compared to the other two broths) and a much higher concentration of glucose (10.0 g/L) (compared to the BHI and TS broths), it is not surprising that the bacteria grown in it generate very different VOC profiles.
The VOC profile for E. coli in EF broth was significantly different from the profile for this species in the other broth types. Figure 2A shows the relationship between E. coli cultured in different broth types and VOCs extracted with the PA fiber. Five primary clusters with the EF broth are grouped together as one cluster. The four remaining clusters consist of a mix of BHI broth and TS broth. This demonstrates that there is no clear distinction among the VOC profiles for E. coli when grown in these two culture media. Dendrograms for the PDMS and DVB -CAR-PDMS fibers were also constructed in the same manner, with clusters forming in the same way as with the PA fiber in Figure 2 (data not shown). An explanation for the clear separation between the EF broth and the other media may be because indole was not detected in the VOC profile for E. coli for this broth type. It was not detected with any SPME fiber or on either GC column for this broth type. However, indole was the most abundant VOC for E. coli with both TS and BHI broths for all SPME fiber types and on both GC columns. The generation of indole is often indicative of E. coli when traditional biochemical tests are employed for bacterial identification (6) . The absence of an indole signal with this broth type highlights the significant effect that culture medium can have on bacterial VOC profiles. Because indole is generated via the breakdown of the amino acid L-tryptophan and because the EF broth is comprised of smaller amounts of possible amino acid sources, it is reasonable to suppose that L-tryptophan might either be absent altogether or present at such low levels that indole generation is below the sensitivity of the HS-SPME-GC -MS method. The addition of specific sugars, including glucose, to the culture medium and the extremes of pH caused by the acid conditions generated by sugar fermentation can both inhibit indole production (27) . Therefore, both factors may also account for the absence of indole with the EF broth.
Cluster analysis was also performed in the same manner for K. pneumoniae ( Figure 2B ) and S. aureus ( Figure 2C ). K. pneumoniae showed the same clustering outcome as E. coli, with the EF broth clearly distinct from BHI and TS broth types on the polar GC column. This is illustrated by the dendogram in Figure 2B . S. aureus produced two separate clusters for BHI and TS broth with all three SPME fiber types on the polar GC column. This is illustrated in Figure 2C with the PDMS fiber. A third cluster represented VOC profiles for S. aureus in TS broth on the non-polar column. A fourth cluster comprised all other data for broth types, which demonstrated an inability to differentiate between other culture media on the non-polar column and BHI broth on the polar column. Often, 3-methyl-1-butanol was the only VOC extracted for S. aureus, and other VOCs detected for this organism were generally only present at low levels. The limited VOC profile generated by this organism makes it difficult to establish distinct relationships among variables, and the VOCs present at low levels would not have a significant impact on the cluster analysis.
PCA on E. coli VOC profiles generated five visually distinct clusters ( Figure 3A) . Three clusters were entirely made of VOC profiles obtained when EF broth was the culture medium with all fiber types; this supports earlier conclusions that this broth type generates markedly different VOC profiles, particularly for E. coli. The other two clusters showed that VOC profiles evolved from E. coli when TS and BHI broths are used as culture media are indistinguishable. They also showed that the DVB-CAR-PDMS fiber generated different VOC profiles from those obtained with the PA and PDMS fibers, indicating the importance of fiber choice. The plot of K. pneumoniae loadings ( Figure 3B ) showed two areas of clustering. One cluster was made of VOC profiles detected with the DVB-CAR-PDMS and PA SPME fibers and EF broth as the culture medium on the polar GC column. Although not as distinct as with E. coli, the PCA plot for K. pneumoniae also indicated that VOC profiles were, in some cases, distinctly different when EF broth was the culture medium. K. pneumoniae also indicated that the choice of SPME fiber had a lesser effect on detected VOCs, with all fiber types exhibiting indistinguishable VOC profiles. Plots of PCA loadings for S. aureus ( Figure 3C ) generated three clusters with no distinguishable patterns for VOC profiles; therefore, they did not show the same marked effect of culture medium and SPME fiber type on the detected VOC profile as with E. coli and K. pneumoniae. The limited overall VOC profile for S. aureus may account for the lack of distinction between variables. The choice of GC column appeared to have less of an effect than culture medium and SPME fiber type, with both column types indistinguishable in all cases.
Conclusion
The identification of pathogenic bacteria via HS-SPME-GC-MS analysis of VOC profiles appears to be promising, with a range of VOCs detected for each species. This study has confirmed that variations in the methodologies used to generate and extract bacterial VOCs, particularly culture medium and SPME fiber type when SPME is the extraction method used, influence the detection of VOCs. The type of GC column appears to have a lesser effect. In addition, differences were observed in the diversity of VOCs produced with respect to culture medium. Multivariate analysis of data, including cluster analysis and PCA, verified these findings and demonstrated that VOC profiles could be generated for the same species that were significantly different under modified experimental conditions. Therefore, direct comparison of detected bacterial VOCs with those of other studies is not always appropriate and the development of a method capable of identifying bacteria via their VOC profiles would need specific experimental parameters outlined for the application of the method to a clinical diagnostic setting.
